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which feeds flow and pressure data to the computer to control the blower. 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BP 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IB 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KB 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


a 


Cdte d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/33433 



PCT/US98/01987 



METHOD AND APPARATUS FOR TREATING 
AIRWAY DISORDERS 

5 BACKGROUND OF THE INVENTION 

This application claims priority based on United States Provisional Application No. 
60/036,407 filed on January 31, 1997. This invention relates generally to a device for 
treating airway disorders and more particularly to an apparatus for treating obstructive 
sleep apnea which utilizes a variable speed blower in combination with control features 

10 utilizing correction factors for elements located within the apparatus for maintaining an 
accurate operation of the apparatus for treating obstructive sleep apnea. 

The treatment of airway disorders such as obstructive sleep apnea involves 
subjecting a patient to a positive pressure flow of air. Such methods include providing 
continuous positive airway pressure (CPAP) and bi-level positive airway pressure treatment 

15 which incorporate a presentation of positive air pressure to the airways of a patient. Bi- 
level treatment involves presenting a high pressure to the patient during inhalation and a 
lower pressure during exhalation. The manufacturing of such devices for treating sleep 
apnea include incorporating pressure control devices and flow metering devices into the 
devices. The accuracy of the pressure and flow metering devices is critical to ensure the 

20 correct operation of the sleep apnea treatment system. Due to the inconsistencies of the 
operational mechanics of these devices resulting from the manufacturing of the devices, a 
need exists for ensuring that the sleep apnea treatment system operate correctly as 
prescribed in providing accurate pressure treatment. 

Furthermore, since the treatment of obstructive sleep apnea requires that the 

25 treatment systems be utilized as prescribed by a patient, a need exists for monitoring the 
utilization of the treatment systems to ensure that the patient is complying with treatment. 
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Also, such machines tend to be noisy making sleep difficult and thus creating a need for a 
quiet system. 

Previously, CPAP and bi-level positive airway pressure devices have been created. 
However, such devices tend to be expensive. Accordingly, a need arises for a low cost 
5 device making it economical for people suffering from obstructive sleep apnea to have 
access to a home health care unit for treatment of the sleep apnea disorder in a reliable 
manner. 

Accordingly, it is an object of the present invention to provide a low cost sleep 
apnea treatment device; 

10 Additionally, it is an object of the present invention to provide correction factors for 

ensuring the reliable operation of sleep apnea treatment devices; 

Furthermore, it is an object of the present invention to provide for correction factors 
for a flow and pressure measuring element utilized in the system; 

Also, it is an object of the present invention to monitor patient compliance with the 
15 sleep apnea treatment as prescribed by a doctor; 

Further, it is an object of the present invention to provide for a quiet sleep apnea 
treatment device; 

Additionally, it is an object of the present invention to provide a sleep apnea 
treatment device having a control transition from both the inhalation/exhalation transition. 
20 SUMMARY OF THE INVENTION 

The above objectives are accomplished according to the present invention by 
providing a device for the treatment of sleep apnea. The device includes a variable-speed 
blower for providing an airflow under pressure to a patient for treating sleep apnea. A 
motor controller is interconnected with the variable speed blower for manipulating the 
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speed of the blower for providing air at a predetermined pressure. A flow meter assembly 
is inline between the variable speed blower and a patient for receiving the airflow. The 
flow meter assembly includes a flow port for communicating a portion of the airflow to a 
flow sensor for monitoring the flow of the airflow. The flow meter assembly also includes 

5 a pressure port in communication with a pressure sensor for monitoring the pressure of the 
airflow. An input device enables the inputting of the desired pressure of the airflow. A 
microprocessor receives the inputted desired pressure and the flow measured by the flow 
sensor and the pressure measured by the pressure sensor. The microprocessor controls the 
operation of the motor controller for manipulating the airflow provided by the variable 

10 speed blower depending on the values of the inputted desired pressure, the measured flow 
and the measured pressure. 

DESCRIPTION OF THE DRAWINGS 
The construction designed to carry out the invention will hereinafter be described, 
15 together with other features thereof. 

The invention will be more readily understood from a reading of the following 
specification and by reference to the accompanying drawings forming a part thereof, 
wherein an example of the invention is shown and wherein: 

FIG. 1 is an exploded view of a sleep apnea treatment device according to the 
20 present invention; 

FIG. 2 is a perspective view of a flow meter assembly according to the present 
invention; 

FIG. 3 is an exploded view of a flow meter assembly according to the present 
invention; 
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FIG. 4 is an operational schematic of a flow meter assembly according to the 
present invention; 

FIG. 5 is an operational schematic of a patient monitoring system utilized in a sleep 
apnea treatment device according to the present invention; 
5 FIG. 6 is an operational schematic of a sleep apnea treatment device according to 

the present invention; 

FIG. 7 is an operational schematic of a sleep apnea treatment device according to 
the present invention; 

FIG. 8 is a diagram illustrating application of rise time according to the present 
10 invention; 

FIG. 9 is a diagram illustrating application of fall time according to the present 
invention. 



DESCRIPTION OF THE PREFFERED EMBODIMENT 
15 As shown in FIG. 1, sleep apnea treatment device A includes a general housing 

assembly 10 which houses variable speed blower 12 and flow meter assembly 14. Printed 
circuit board 16 carries microprocessor 18, which among other features described 
hereinafter, manipulates the operation of variable speed blower 12 depending on the flow 
and pressure values measured by flow meter assembly 14 . The speed of variable speed 
20 blower 12 produces pressurized air which is communicated to a patient through a conduit 
interconnected with flow meter assembly 14 for treating sleep apnea. 

In the preferred embodiment, sleep apnea treatment device A may provide different 
pressure levels of pressurized air to a patient depending on whether the patient is inhaling 
or exhaling. Such variation in pressure levels is known as bi-level treatment wherein a 
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higher level of positive airway pressure is supplied during inhalation and a lower level of 
positive airway pressure is supplied during exhalation. The transition from presenting the 
higher and lower pressures utilizes an inhalation/exhalation module as described in U.S. 
Patent application having serial no. 08/794,659, incorporated by reference which utilizes 

5 the flow value determined by flow meter assembly 14. 

Flow meter assembly 14 is shown in FIGs. 2, 3 and 4. Flow meter assembly 14 
includes blower connection member 20 for mounting flow meter assembly 14 in fluid 
communication with outlet 22 of variable speed blower 12 for receiving pressurized air. 
First flow meter center member 24 receives pressurized air from blower connection 

10 member 20. First screen 26 is disposed between blower connection member 20 and first 
flow meter center member 24 for removing airflow disruptions and creating a smooth 
airflow. First flow meter center member 24 carries flow sensor port 28 for directing 
airflow to flow sensor 30. Second flow meter center member 32 is interconnected with first 
flow meter center member 24 for receiving pressurized air. Second flow meter center 

15 member 32 includes flow sensor receiver port 34 for receiving the flow of air which had 
previously been directed from flow sensor port 28 to flow sensor 30. Second screen 36 is 
disposed between first and second flow meter center members 24 and 32 for creating a 
pressure drop between the two center members thereby influencing airflow to pass through 
flow sensor port 28 to flow sensor 30. The majority of airflow passes directly from first 

20 flow meter center member 24 to second flow meter center member 32 through second 
screen 36. Flow meter assembly 14 further includes flow meter outlet member 38 for 
directing the pressurized airflow to a conduit for presentation to a patient. Flow meter 
outlet member 38 includes pressure port 40 which is interconnected with pressure sensor 42 
which is preferably a transducer for determining the pressure of airflow through the sleep 
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apnea treatment system. By measuring the pressure of airflow in the system at the point 
where airflow enters the conduit which is interconnected to a patient, an accurate reading of 
the air pressure presented to a patient may be determined. Third screen 44 is disposed 
between second flow meter center member 32 and flow meter outlet member 38 for 
5 removing airflow disruptions and creating a smooth airflow when airflow is negative 
flowing from a patient back through flow meter assembly 14. 

The respective members of flow meter assembly 14 each include interior portions 
for receiving the respective screens. The overall assembly is assembled using ultrasonic 
welding techniques. 

10 Flow sensor 30 monitors the air flow through sleep apnea treatment system A. To 

contain costs, flow sensor 30 is preferably a flow transducer of a mass airflow type 
producing an analog voltage signal. Accordingly, flow transducer 30 operates on a flow 
versus voltage relationship. However, due to the inherent operational characteristics of 
mass airflow transducers, a particular change in flow value does not always produce the 

15 same change in voltage results. Thus, the relationship between voltage and flow in the 
analog flow transducer is non-linear. Thus a flow correction factor is computed for the 
particular flow transducer 30 utilized which linearizes the non-linear relationship between 
flow and voltage. 

To compute the flow correction factor for flow transducer 30, during the 
20 manufacturing process of sleep apnea treatment device A, flow tests are conducted on flow 
transducer 30. The tests entail simultaneously presenting an airflow through a control flow 
transducer and flow transducer 30. While the airflow is presented, the corresponding 
voltage is measured by flow transducer 30 at one millisecond intervals for sixty-four 
milliseconds producing sixty-four sampled values which are averaged to produce an average 
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voltage value for flow transducer 30 at that particular airflow value. Also, the flow value 
indicated by the control flow transducer at the same specific airflow is recorded. Thus, a 
control flow versus mass airflow flow transducer recorded voltage relationship table is 
produced. Overall, in the preferred embodiment, sixteen pairs of flow points are calculated 

5 at sixteen different airflow levels, preferably those airflow levels which produce flow 
readings are between negative one hundred and thirty-five liters per minute and two 
hundred and two liters per minute. These values reflect extreme operating conditions 
defining operational boundaries and would not be present during actual operation by a 
patient. Overall, sixteen pairs of flow values are tabulated creating a relationship table 

10 between the control flow transducer and also a corresponding voltage value produced by 
flow transducer 30; 



i.e. 



Control Flow Airflow Value! 
Control Flow Airflow Valuex 



Control Flow Airflow Value 16 



Flow Transducer Voltage Value! 
Flow Transducer Voltage Value^ 



i«99 
i<99 



Flow Transducer Voltage Value l6 



15 



Since the relationship between the voltage measured by flow transducer 30 with respect to 
airflow is non-linear, the discrepancies between control flow airflow values one to sixteen 
with respect to flow transducer voltage values one to sixteen will also be non-linear. 
Accordingly, to establish a flow correction factor for flow transducer 30, a fourth order 
20 polynomial is created utilizing a Chebyshev polynomial regression technique on the 
established flow relationship table. The Chebyshev regression is used to produce the 
equation Flow = C 0 + C, * Voltage + C 2 * Voltage 2 + C> * Voltage 3 + Q* Voltage 4 . 
By utilizing the Chebyshev regression on the established flow table, coefficients Q,, C„ C 2 , 
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C 3 and C 4 are calculated for that specific flow transducer. These coefficient values are 
stored on EEPROM 46 as a flow calibration model 48 and accessed during operation of 
flow transducer 30 for producing a flow value indicative of the flow through sleep apnea 
treatment device A. The flow value is utilized during inspiration/exhalation detection as 

5 explained in U.S. patent application number having serial number 08/794659, incorporated 
by reference, and in controlling the operation of blower 12. 

Another factor utilized in the operation of sleep apnea treatment device is the 
pressure value which is measured by pressure sensor 42. Pressure sensor 42 is preferably a 
pressure transducer which measures voltage and produces a corresponding pressure value 

10 for that particular voltage value. The relationship between voltage and pressure is linear 
and may be represented by P = m(voltage) + b, where m, the span variable, and b, the 
offset variable, are linear coefficients. However, both coefficients m and b vary with 
temperature. Thus, the temperature of pressure transducer 42 influences the pressure 
value. Typically, the span coefficient with respect to temperature is known, but the offset 

15 coefficient b is unknown. Accordingly, during the manufacturing process of sleep apnea 
treatment device A, pressure transducer 42 is tested at different temperatures with respect 
to a control pressure transducer to determine the offset coefficient b at different 
temperatures for that particular pressure transducer.. The relationship between offset 
coefficient b and temperature can be approximated as linear enabling a linear profile of b 

20 versus temperature over a range of temperatures to be created. In the preferred 

embodiment, the offset coefficient b is calculated at three temperatures: b at 25 °C; b at 
40°C; and b at 55°C and a linear pressure/temperature profile is created for temperatures 
in between. This pressure/temperature profile 52 is stored in EEPROM 46 for the 
respective sleep apnea treatment device. For large correction factors, a large correction 
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factor is stored EEPROM 46 and then set in a digital potentiometer as such that offset 
coefficient b consists of b^ + b at the respective temperature. 

To ensure the accuracy of the pressure value produced by pressure transducer 42 
during operation of sleep apnea treatment device A, temperature sensor 54 is located 

5 adjacent pressure transducer 42 on printed circuit board 16. Accordingly, microprocessor 
18 utilizes the temperature reading from temperature sensor 54 in combination with the 
pressure reading from pressure transducer 42 and pressure/temperature profile 52 for 
establishing a temperature corrected pressure value. This temperature corrected pressure 
value is utilized for controlling blower 12 in delivering the required treatment air pressures 

10 to a patient. 

Also, due to the mechanics of pressure transducer 42, over time of operation 
pressure transducer 42 may require further calibration. This is accomplished by auto 
zeroing the pressure transducer at start up of sleep apnea treatment device A. At the start 
up, air flow is zero, thus the pressure reading should be zero. If the pressure reading at 

15 start up is not zero, an auto-zero correction factor 56 is calculated to adjust the pressure 
value to zero. This auto-zero correction factor 56 is utilized by microprocessor 18 in 
calculating the system pressure value during the operation of sleep apnea treatment device 
A during the treatment cycle. The auto-zero factor is calculated each time sleep apnea 
treatment device A is initially powered up. 

20 As shown in FIG. 5, patient monitoring system 58 monitors the utilization of sleep 

apnea treatment device A by a patient. As shown in FIGs. 6 and 7, microprocessor 18 
utilizes real time clock 60 for noting the time of certain events. The first time event noted 
is when sleep apnea treatment device A is initially powered up. This time is recorded in a 
log in EEPROM 46. Patient monitoring system 58 also monitors if a patient is breathing 
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on the system. If breaths in a range between four to forty breaths per minute are detected, 
it is assumed that a patient is utilizing the system. At this event, the time is noted and a 
compliance low meter is started. If in the future it is noted that a breathing rate less than 
four breaths per minute or greater than forty breaths per minute is noted, it is assumed that 
5 a patient is not utilizing the system and the compliance meter is stopped at this time and the 
time of occurrence is noted. Also, the current time while the machine is operating is 
repeatedly stored in memory and when the machine is turned off, the last time is noted as 
the log off time. The total time that the machine is used by the patient is stored in a 
compliance meter. 

10 As shown in FIG 6, sleep apnea treatment device A also includes an optical 

transmitter 70 and a optical receiver 72. These devices utilize light waves to enable sleep 
apnea treatment device A to be manipulated by remote control and also allows a recording 
receiving device to monitor the operations of sleep apnea treatment device A for analyzing 
the treatment of the patient utilizing sleep apnea device A. For instance, the various flows 

15 and pressures occurring with respect to time during the operation of sleep apnea treatment 
device A may be monitored by the remote recording device for further analysis of the sleep 
apnea treatment for that particular patient. 

To provide a patient with comfort, a rise time feature 74 may be selected by the 
patient. As shown in FIG. 8, rise time feature 74 defines a profile in the rise of pressure 

20 from the lower exhalation pressure to the higher inhalation pressure when the sleep apnea 
treatment device A switches from exhalation to inhalation pressure for the treatment of 
sleep apnea. Rise time includes two separate parameters. The first parameter is the time 
during which the exhalation pressure increases to the inhalation pressure during a single 
breath, and also the profile at which the pressure change is presented to the patient. For 
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rise time, at a particular profile, a particular pressure is presented at a particular time. For 
instance, if the exhalation pressure is five cm H 2 0 and the inhalation pressure is ten cm 
H 2 0, the five cm H 2 0 pressure differential is provided to the patient over the selected time 
period such that a particular pressure i.e., six point two, seven point two, and eight point 

5 five is presented to the patient at a specific time to the profile selected by the patient. In the 
preferred embodiment, the patient may select up to three separate profiles. Furthermore, to 
facilitate the decrease in the pressure from the higher inhalation pressure to the lower 
exhalation pressure as shown in FIG. 9, a fall time exponential profile is provided such that 
the inhalation pressure drops to the exhalation pressure within point four seconds. The 

10 exponential utilizes the inhalation pressure and the exhalation pressure's parameters for 
defining the exponential profile. 

For patient comfort, sleep apnea treatment device A includes a baffling system for 
muffling the noise of blower 12. As shown in FIG. 1, the housing includes air inlet 80 
wherein air is drawn from the ambient environment by blower 12. The air is presented to 

15 the blower through a catacomb baffle passageway 82 which acts as a muffler for the 

operation of the blower. Baffle passageway 82 includes a blower baffle chamber 84 which 
encircles the bottom of blower 12 where air is drawn from the air inlet into the blower. A 
first generally perpendicular passage 86 extends from blower baffle chamber 84 a general 
distance and then is directed to a second generally perpendicular passageway 88 and then is 

20 directed to a third generally perpendicular passageway 90 and ultimately to a fourth 

generally perpendicular passageway 92. The configuration of varying perpendicular angles 
of baffle passageway facilitates in distorting the noise created by blower 12 and also forces 
the noise upward. The baffle passageway 82 is enclosed by bottom housing 94 and at the 
top by blower motor mounting plate 96 which encloses the top of baffle passageway 82. 
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Blower mounting plate 96 includes blower port 98 enabling the lower portion of blower 12 
to pass through the mounting plate into blower baffle chamber 84 for receiving air from the 
ambient environment. Sound filter 100 is disposed between blower mounting plate and 
baffle passageway 82 for absorbing sound waves which have been directed upward from 

5 baffle chamber walls. Furthermore, disposed between air inlet 80 and the entrance of 
baffle passageway 82 is vertical baffle 102 which directs sound waves vertically for being 
absorbed by filter 100 and also for being returned into housing assembly 10 by handle 104 
which overlaps air inlet 80. 

Accordingly, as shown in FIGs. 1, 2, 3, 4, 6 and 7, sleep apnea treatment device A 

10 mechanically includes a variable speed blower 12 having a variable speed motor 62 which 
is controlled by a motor driver 64 for varying the speed of the blower. The blower 12 
receives air from the ambient environment and blows the air under pressure through a flow 
meter assembly 14 to a patient. The flow meter assembly 14 includes ports to enable the 
flow and pressure of the air to be measured by various sensors which relay the information 

15 to a microprocessor 18 which in turn controls the motor driver 64 for varying the speed of 
the blower 12. Sleep apnea treatment device A may be a bi-level machine wherein a higher 
inhalation pressures is provided and a lower exhalation pressure is provided. Thus, by 
continuously monitoring the flow and pressure through the flow meter assembly, the speed 
of variable speed blower may be continuously varied during operation of sleep apnea 

20 treatment device A to provide varying pressures for the treatment of sleep apnea. 

FIGs. 6 and 7, illustrates schematically the operation of sleep apnea treatment 
device A. Microprocessor 18 controls motor driver 64 which controls a three phase 
brushless motor 62 which manipulates blower 12 to provide pressurized air to the patient. 
The air passes through flow meter assembly 14 which sends air to flow sensor 30 which 



WO 98/33433 PCIYUS98/01987 

13 

sends a signal to microprocessor 18. Microprocessor 18 utilizes flow calibration model 48 
for calculating the air flow. Temperature sensor 54 located adjacent to pressure sensor 42 
sends a temperature reading to microprocessor 18 for use in calculating a calibrated 
pressure depending on the pressure/temperature calibration factor 52 previously determined 
5 for that particular pressure transducer. Pressure sensor 32 sends a pressure signal to 

microprocessor 18 which converts the pressure utilizing that pressure conversion factor for 
that particular pressure transducer and also utilizing the auto offset calibration 56 
previously calculated at startup of the system. By utilizing the flow value, the 
inhalation/exhalation detection sub-module is utilized for determining the amount of 

10 pressure to be provided to the patient by sleep apnea treatment device A as previously 
inputted into the system as the prescribed therapeutic inhalation and exhalation pressure 
levels 104. This pressure is compared to the actual pressure value determined by the 
microprocessor 18 and any fluctuation between the actual pressure measured and that 
treatment pressure which is intended to be provided, is utilized for controlling the motor 

15 driver 64 for varying the speed of the motor 62 of the blower 12 to provide the desired 
pressure. The operation of sleep apnea treatment device A is monitored by the patient 
compliance system 58 for monitoring the utilization of the system by the patient. 

Thus it may be seen, that a more advantageous design for a sleep apnea treatment 
device providing continuous or bi-level positive pressure for the treatment of sleep apnea to 

20 a patient may be had according to the present invention. A low cost but reliable system 
may be had by establishing correction factors for pressure transducers and flow sensors to 
ensure the accurate operation of the sleep apnea treatment device wherein a variable speed 
blower may be manipulated on the readings from a single flow meter device for providing 
positive air pressure treatment to a patient. 



WO 98/33433 
What is claimed is: 
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1. A device for the treatment of sleep apnea; said device comprising: 

a variable-speed blower for providing an airflow under pressure to a patient 
5 for treating sleep apnea; 

a motor controller interconnected with said variable speed blower for 
manipulating the speed of said blower to provide air at a predetermined pressure; 

a flow meter assembly inline between said variable speed blower and a 
patient for receiving said airflow, said flow meter assembly including a flow port 
10 communicating a portion of said airflow to a flow sensor for measuring the flow of said 
airflow and a pressure port in communication with a pressure sensor for measuring the 
pressure of said airflow; 

an input device for inputting said predetermined pressure of said airflow; and 

a microprocessor for receiving the inputted desired pressure and said flow 
15 measured by said flow sensor and said pressure measured by said pressure sensor, said 
microprocessor controlling the operation of said motor controller for manipulating the 
airflow provided by said variable speed blower depending on the values of said inputted 
predetermined pressure, said measured flow and said measured pressure. 

2. The device of claim 1 wherein said predetermined pressure is a first pressure 
20 to be presented to a patient for inhalation, and a second pressure to be presented to a patient 

for exhalation. 

3. The device of claim 2 wherein a transition between said first pressure and 
said second pressure is controlled by said microprocessor wherein said transition occurs 
within a single breath of a patient and specific transitional pressures are provided by said 

25 blower at specific time intervals within said transition period. 
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4. The device of claim 2 wherein a transition between said second pressure and 
said first pressure is controlled by said microprocessor wherein said transition occurs 
within a single breath of a patient and specific transitional pressures are provided by said 
blower at specific time intervals within said transition period. 
5 5. The device of claim 1 further comprising a flow calibration factor for said 

flow sensor wherein a voltage measured by said flow sensor is adjusted by said flow 
calibration factor for determining the flow of said air through said flow meter. 

6. The device of claim 5 wherein said flow calibration factor is a fourth order 
polynomial. 

10 7. The device of claim 1 further comprising a temperature sensor for sensing 

the approximate temperature of said pressure sensor. 

8. The device of claim 7 further comprising a pressure/temperature calibration 
factor wherein the pressure measured by said pressure sensor is adjusted by said 
pressure/temperature calibration factor depending on the value of the temperature sensed by 

15 said temperature sensor for determining the pressure of said air. 

9. The device of claim 1 further comprising a housing having an air inlet for 
communicating air from the ambient environment to said blower. 

10. The device of claim 9 further comprising a baffle passageway defining a 
torturous airway path from said air inlet to an inlet of said blower. 

20 



11. The device of claim 10 wherein said baffle passageway includes a blower 
baffle chamber including at least three sidewalls extending from a base of said housing 
encircling said blower inlet. 
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12. The device of claim 1 1 further comprising a blower mounting plate for 
mounting said blower within said housing, said blower mounting plate including a blower 
inlet port enabling an inlet of said blower to extend into said blower baffle chamber, said 
blower mounting plate covering said blower baffle chamber. 

13. The device of claim 11 further comprising a sound filter disposed between 
said blower mounting plate and said baffle passageway for absorbing sound. 

14. The device of claim 10 further comprising a vertical baffle disposed between 
said air inlet and said baffle passageway for directing soundwaves upward toward said 
housing. 

15. The device of claim 1 wherein said flow meter includes a first flow port for 
directing a portion of air flow to said flow sensor and a second flow port for receiving said 
portion of air flow from said flow sensor and for returning said portion of air flow to said 
flow meter for delivery to a patient. 

16. The device of claim 15 wherein said flow meter includes a screen disposed 
between said first and second flow ports for creating a pressure drop inducing a portion of 
air flow to separate from the air flow stream from said blower to said enter said first flow 
port for delivery to said flow sensor. 

17. A method of manufacturing a sleep apnea treatment device, said method 
comprising: 

a. ) providing a first flow sensor for incorporation into said sleep apnea 
treatment device; 

b. ) providing a control flow sensor; 
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c. ) passing a predetermined flow level to said control flow sensor for 
providing a control flow parameter; 

d. ) passing said predetermined flow level to said first flow sensor for 
providing a measured voltage parameter; 

5 e.) repeating steps c and d at least five times at different predetermined flow 

levels creating at least five pairs of flow data points which consist of the control flow 
parameter and the measured corresponding voltage parameter of said first flow sensor at a 
predetermined control flow level; 

f. ) creating a flow model utilizing said five pairs of flow data points to 
10 establish a correlation between said control flow parameters and said measured voltage 

parameters; and 

g. ) integrating said flow model within said sleep apnea treatment device. 
18. The method of claim 17 wherein said regression model is a fourth order 

polynomial. 

15 19. The method of claim 17 wherein said first flow sensor is a mass airflow 

sensor. 

20. A method of manufacturing a sleep apnea treatment device, said method 
comprising: 

a. ) providing a first pressure sensor for incorporation into said sleep apnea 
20 treatment device; 

b. ) providing a known pressure to said first pressure sensor over a series of 
different predetermined temperatures to establish control pressure parameters; 

c. ) determining the pressure measured by said first pressure sensor at said 
different predetermined temperatures; 



WO 98/33433 PCT/US98/01987 

18 

d. ) measuring the difference between said known pressure and said 
measured pressure at a predetermined temperature; 

e. ) repeating steps b, c and d at least two times at different predetermined 
temperatures creating at least two pairs of pressure data points which consist of the control 

5 pressure parameter and measured pressure parameter at said predetermined temperature; 

f. ) creating a pressure/temperature model utilizing said pairs of pressure 
data points to establish a correlation between said control pressure parameters and said 
measured pressure parameters; and 

g. ) integrating said pressure/temperature model within said sleep apnea 
10 treatment device. 

21. The method of claim 20 wherein said steps b, c and d are repeated at least 
three times at different predetermined temperatures creating at least three pairs of pressure 
data points. 

22. A method of monitoring patient compliance with a sleep apnea treatment 
15 device; said method comprising: 

providing a clock; 

monitoring a flow of air to determine if a breath has been taken by a patient; 

determining if at least a predetermined number of breaths have been taken by 
a patient to determine if a patient is utilizing the sleep apnea treatment device; 
20 noting that the sleep apnea treatment device is in operation if at least said 

predetermined number of breaths have been determined; 

noting the time that the sleep apnea device is in operation; 

noting that the sleep apnea treatment device is not in operation if at least said 
predetermined number of breaths have not been determined; and 
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noting the time that the sleep apnea device is not in operation. 
23. The method of claim 22 wherein said predetermined number of breaths to be 
monitored for determining if a patient is utilizing the sleep apnea treatment device is at least 
four. 

5 24. The method of claim 22 further comprising the step of determining if the 

sleep apnea treatment device has been powered up and also including the step of noting the 
time when said sleep apnea treatment device is powered up. 

25. A flow meter assembly for monitoring the flow and pressure of an airflow; 
said flow meter assembly comprising: 

10 a flow meter inlet for receiving an airflow; 

a first flow meter port for directing at least a portion of the airflow to a flow 

sensor; 

a second flow meter port for receiving at least a portion of the airflow from a 
flow sensor; and 

15 a pressure port for communicating the pressure of said airflow to a pressure 

sensor. 

26. The flow meter assembly of claim 25 further comprising a pressure drop 
screen disposed between said first and second flow meter ports for creating a pressure drop 
inducing at least a portion of the airflow to flow to a pressure sensor. 

20 27. The flow meter assembly of claim 26 wherein said pressure port is disposed 

downstream from said second flow meter port. 

28. The flow meter assembly of claim 27 further comprising a second screen 
disposed between said second flow meter port and said pressure port. 
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29. The flow meter assembly of claim 25 further comprising a blower connection 
for fluidly communicating said flow meter assembly with a blower. 

30. The flow meter assembly of claim 29 further comprising a blower connection 
screen disposed between said blower connection and said first flow meter port. 
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